Cost-effectiveness analysis (CEA) is widely used to assess the investment criteria where cost-benefit analysis (CBA) is not economically feasible to apply. CBA is generally used where there is a commercial motive whereas CEA is used where service motive is prioritized. Thus, it is mainly applicable to evaluate social projects where the beneficiaries are scattered in any area or the society at large. The paper works as a background paper highlighting those issues with greater detail so that a stranger can use the tool confidently. The steps required for such application and the potential areas where CEA will produce significant results are also highlighted here to limit the scope of the paper. The methodology used here is basically descriptive to keep it simple and easy to comprehend, with the practical insights of using such tool in a real life social project. The use of CEA is outlined here in a World Bank funded Arsenic Water Supply Project in Bangladesh.
Introduction
Cost-effectiveness analysis refers to the consideration of decision alternatives in which both their costs and consequences are taken into account in a systematic way. It is a decision-oriented tool, in that it is designed to ascertain which means of attaining particular goals are most efficient. Consider two strategies intended to lengthen life in patients with heart diseases. One is simple and cheap (e. g., aspirin and β-blockers); the other is more complex, more expensive, and more effective (e. g., medication plus cardiac catheterization, angioplasty, stents, and bypass). Now, which strategy will be more effective? CEA will help to take decision in such situation.
In evaluating alternatives three different variants of analysis is available, viz. cost effectiveness analysis, cost utility analysis and cost benefit analysis. In CEA the benefits are expressed in numeric but non-monetary terms, say, life years gained or symptom-free days whereas in cost-utility analysis they are expressed as quality-adjusted-life-years (QALYs) and in cost-benefit analysis in monetary terms. As with all economic evaluation techniques, the aim of CEA is to maximize the level of benefits relative to resources available. The main metric is a ratio whose denominator represents project outcome in numerical but non-monetary unit, and numerator represents costs in monetary terms. The result can be interpreted as a unit cost, such as cost per kilometer or passenger, cost per child vaccinated or cost per laborer trained. Thus CEA is used to assess the projects that have similar outcome but way of doing and other factors are different. The lower the unit cost, the more effective the project is.
CEA was developed in the 1950s by the United States Department of Defense as a device for adjudicating among the demands of the various branches of the armed services for increasingly costly weapons systems with different levels of performance and overlapping missions (Hitch and McKean, 1960) . By 1960s it had become widely used as a tool for analyzing the efficiency of alternative government programs outside the military. It was first applied to health care in the mid-1960s and was introduced with enthusiasm to clinicians by Weinstein and Stasson in 1977: If these approaches were to become widely understood and accepted by the key decision makers in the health-care sector, including the physician, important health benefits or cost savings might be realized. CEA has also been used to determine which drugs will be reimbursed by public agencies in both Australia and the Canadian province of Ontario (Drummond et al., 1997; Sloan and Conover, 1995) .
The paper targets to explicate CEA with its basics and usability under budget constraints. And the discussion is mainly based on different secondary sources like research papers, published journal papers, books etc. Different interventions and ingredients with cost data is generated from a World Bank document titled "Project appraisal document for a proposed credit in the amount of SDR 24.2 million equivalents to the People's Republic of Bangladesh for an arsenic mitigation water supply project" upon permission. CEA is formulated mathematically at the very beginning followed by a discussion on the techniques of assessing the costs and benefits. Later on different interventions are introduced with the simulation of selective the most effective one under fund constraint. Finally, the paper concludes with an explanation of decision rule for selecting the candidates participated in the study and rationality behind it.
Cost Effectiveness Analysis: Formulation and Derivation
As an offshoot of CBA, CEA is developed in economics to address resource allocation issues. Though CBA is well grounded in welfare economics, CEA is based on no such solid foundation. CEA has become popular in cases where full-fledged CBA is either too difficult to apply, or alternatively, where CBA is judged inappropriate. Although CEA is intuitive and easy to apply, it posses a number of methodological issues that are not always understood by practitioners (Hildred and Watkins, 1996) . The discussion on the formulation of CEA can be started with the following basic equation:
CER in equation 1 represents cost effectiveness ratio. Numerator represents total cost of the project in monetary terms throughout its life (t); and denominator represents benefits expressed in numerical but non-monetary term. Cost may be initial (investment) or recurring (running). Initial cost (cost at t = 0) requires no discounting but recurrent cost requires and for these two separate cost, we may use one single notation, e. g.,
where i stands for a suitable discount rate. The denominator of the equation refers to the benefit from the project and presented in numerical but non-monetary terms. Let's suppose that the benefits are denoted by capital n (N) and to make it comparable with costs, let's again suppose that it will also be generated throughout the life and discounted by a suitable rate as used in case of costs. Thus the notion of the denominator will be, But, the basic formula of CBA incorporates costs and benefits in a different way as presented below in equation 3:
Where, NPV represents net present value, t B represents benefits in year t and t C costs in year t and i is the discount rate.
Thus, the basic difference between these two equations is in terms of incorporation of benefits into consideration. As in CBA both costs and benefits are expressed in monetary terms, they can be used to calculate the difference (net value) but in case of CEA this is not possible and for that reason it is a ratio. In most of the projects that are headed towards the social welfare, or otherwise, the beneficiaries are scattered in the society in such a way that no monetary value can be put to quantify the benefits, CEA is more applicable and accurate to use. For example, let's take the World Bank Project on Arsenic Mitigation Water Supply, where the beneficiaries are the targeted people living in the targeted area under the project. It's really difficult to quantify the benefits in monetary terms. But the outflow of fund is very much explicit even with the sources and that's why CEA is very much effective to evaluate such a project. Table 1 calculates CER per person based on the project data using the equations derived earlier.
Insert Table 1 Here, the project sanctioning authority now may take decision on the basis of cost per person to evaluate the effectiveness of the project, or whether there are some other projects that will be more effective than the current one.
Many evaluations are confined to a relatively short time period of a year or less, and estimates of outcomes and costs are confined to that period. Yet, many evaluations occur over two or more years. When that is the case, outcomes and costs that occur in the future should be appropriately discounted to their "present value." Both CBA and CEA use discounting to express future costs and benefits in equivalent units of a base year. The purpose of this procedure is to reflect the desirability of receiving outcomes sooner (or, similarly, incurring costs later). To calculate present value, one uses the following general formula:
where O t is the outcome occurring at time t, and r is a discount rate between 0 and 1 (the same formula applies to discounting costs). For example, the present value of a benefit of $100 that is received immediately (at t=0) is $100. If the same amount is received one year hence, and the discount rate is 0.05 (5%), the present value is $95.24 (100/1.05); in two years, it is $90.70 (100/1.05 2 ). Thus, outcomes occurring farther in the future are discounted more steeply. A discount rate larger than 0.05 would imply that future outcomes are to be discounted even more heavily. Intuitively, this implies that individuals evince an even stronger preference for outcomes that occur immediately.
There are two interrelated points in the discussion. What should the discount rate express? And should we discount benefits and costs in the CER at the same rate? To start with the first point, the reasons for discounting costs and benefits in CBA or CEA are inflation, risk, the opportunity cost of capital and social time preference. The first two points hold insignificant relevance with our area of discussion and hence, we can dismiss them entirely. In CEA, current cost is the best measure and we can use inflation corrected discount rate to check inflation. To control risk, there are a lot of ways available that are smarter and effective from discount rate like probability, sensitivity analysis, simulation etc. The opportunity cost of capital means the cost due to sacrificing the option to invest the fund in other alternatives. If that alternative has earned a rate of return of, say, 10%, then it stands to reason that the project under consideration must have at least the same rate of return to be justified. If the project has a positive NPV at this discount rate at this discount rate, it is apt to go for the project. Discounting in CEA is recommended for exactly the same reason. Social time preference reflects the value the decision maker attaches to consumption benefits through time. If benefits are expressed in money terms, diminishing marginal utility of money makes that one-dollar of consumption for a rich person is worth less than one dollar for a poor person. To the extent that future generations are supposed to be better of materially, it is justified to discount the monetary values they assign to benefits. This argument can be used to discount benefits in CBA. If health benefits are expressed in physical terms, as is the case in CEA, the decision maker is likewise entitled to discount future benefits if he esteems that future patients have access to better health services than present patients, and that for this reason additional health treatments allocated to them are less desirable than those accruing to present patients. The argument is basically about equity. If future generations are better off, either financially or in terms of health services, there should be a preference for granting additional health benefits to the present generation. An appropriate discount rate expresses this. Social time preference discount rates can be estimated, as long as one is prepared to make a value judgment about intergenerational equity. Most calculations suggest that the social time preference discount rate is lower than the opportunity cost of capital discount rate.
Which of those two considerations, the opportunity cost of capital, or social time preference, is more relevant? There is no satisfactory answer to this, except to say that both must be addressed. The problem is that we have only one discount rate, and we cannot use it to express both at the same time. Satisfactory solutions have been worked out to deal with this problem. For instance, in UNIDO (1972) the discount rate expresses social time preference, and the opportunity cost of capital argument is taken into consideration by calculating a shadow price of investment. The alternative solution, proposed in Little and Mirrlees (1974) , and taken over in Squire and van der Tak (1975) , is to discount at the opportunity cost of capital and to use a shadow price for the value of consumption to take care of the social time preference dimension. Both approaches are equivalent, as discussed in Berlage and Renard (1985) . Unfortunately those sophisticated but rigorous approaches to CBA have not been popular in practice, and now a days both theoreticians and practitioners tend to stick to a single discount rate. This has severely hampered the debate about discounting in CEA. Viscusi (1995) for instance, fails to discuss these issues at all. Katz and Welch (1993) provide a more nuance analysis in which they acknowledge the issue raised here. But in the end they argue in favor of using a single discount rate. But this is far from evident. Health projects typically cause both a change in the time pattern of investment over time, and in the time pattern of health benefits.
In dealing with two contending discount rates, CEA has an edge over CBA. Whereas CBA cannot easily handle more than one discount rate, CEA can do so without a problem, as physical benefits are in the denominator of the cost effectiveness ratio whereas costs are measured in the numerator. There is no reason why we would have to apply the same discount rate to both. We suggest replacing equation (2) The choice of discount rate is somewhat arbitrary, although a plausible range is between three and seven percent (Barnett, 1996) . A recent set of national guidelines for economic evaluation of health care programs recommends a discount rate of three percent, although they also recommend the calculation of present values under a wider range of assumptions about the discount rate (Lipscomb et. al, 1996) . The task force of experts organized by the U.S. Public Health Service (PHS) has also recommended using a discount rate of 3% to reflect the lower economic value of an expense that is delayed and the higher value of a benefit that is recognized sooner (Gold et al., 1996) . In part, the ambiguity stems from different conceptual approaches that can be used to arrive at a discount rate. Boardman et al. (1996) provide a general discussion. For a discussion of discounting that is applied specifically to non-pecuniary outcomes, see Drummond et al. (1997) , Keeler & Cretin (1983) , Levin & McEwan (2000) and Viscusi (1995) .
Measuring Cost-effectiveness
The successful use of CEA requires the estimation of costs and effectiveness accurately. This section is devoted to different criteria that are important for assessment of cost and effectiveness.
Assessing cost
Costs are seen differently from different points of view. In economics the notion of cost is based on the value that would be gained from using resources elsewhere -referred to as the opportunity cost. It is usual, in practice, to assume that the price paid reflects the opportunity cost and to adopt a pragmatic approach to costing and use market prices wherever possible. But this only rigorous cost study, that is based on the economic concept of opportunity cost, is now three decades old (Bartell, 1968) . In CEA it is conventional to distinguish between the direct costs and the indirect costs associated with the intervention, together with what are termed intangibles. Intangibles may be difficult to quantify, still, sometimes they may have significant consequences on the interventions and should be included in the cost profile. A typical cost profile of the project under consideration is given in Table 2 .
Insert Table 2 here It is essential to specify exclusion and inclusion of specific costs categories in a CEA to ensure that the findings are not subject to misinterpretation. Both CBA and CEA can be used from different points of view, ranging from the individual to group to society at large. When CEA is used for healthcare as we are considering here, the later perspective is the appropriate one. Thus, we limit our attention to this case here. In this case, costs incurred by health sector are obvious candidates. In addition, future health costs in added years of life should also be counted here (Johannesson and Meltzer, 1998; Meltzer, 1997) . Indeed, there is no reason to exclude any opportunity cost that emerges from a careful with-without analysis in case of CBA and before-after analysis in case of CEA (Figure 1 ). Non-medical costs; like patients' cost of transport to health centers, the value of time spent undergoing health treatment, the value of efforts given or hassle consumed to avail the facility of treatment; must also be counted. In fact, when the societal perspective comes, the net of costs should be as wide as possible as the total of societal costs from every respect should be considered. If we have no qualms with a broad definition of costs, and in fact argue in its favor, we must at the same time be attentive to the consequences of all inclusive cost measures for the interpretation of the cost-effectiveness ratio.
Insert Figure 1 here Cost analysis is not always incorporated in decision-making. There are, however, some notable exceptions to this rule, many of these in health-care. In the United States, the state of Oregon attempted to use a wide-ranging cost-utility analysis to rank medical interventions and determine which would be available to Medicaid recipients (Eddy, 1991) . Eventually, political considerations led to substantial modifications and the cost-utility approach "[was] ultimately abandoned in favor of a hybrid process in which cost was not a major factor in determining the final rankings" (Sloan and Conover, 1995) . The World Bank used a series of cost analyses to formulate health sector lending priorities for developing countries (Jamison et al., 1993; World Bank Report, 1993) . Drummond et al. (1997) provides a more comprehensive quality checklist for cost analysis studies in health-care, covering both outcomes and costs. An important question is whether the cost analysis literature adheres to these minimal standards. The sheer quantity of cost analysis in health-care has led several authors to review costing methods. The results are sobering for research consumers. Among 77 cost effectiveness and cost-benefit studies that were reviewed, Udvarhelyi et al. (1992) found that 52% failed to properly discount costs, 47% failed to report cost-benefit or cost-effectiveness ratios, and 70% did not conduct a sensitivity analysis. In a review of 51 health cost-utility analyses, Gerard (1992) found that 69% included a comprehensive set of ingredients, 63% percent provided a clear description of methods used to cost ingredients, and 61% clearly described the costing data. Just 37% of studies conducted an extensive sensitivity analysis. Gerard concludes that about half the studies should be deemed "limited" in their execution.
In cost analysis a simple technique is considered to ascertain the cost of an intervention in terms of the value of the resources that were used or lost by applying them in one way rather than in another. To do this, a straightforward approach called the "ingredients" method is used widely.
The ingredients method relies upon the notion that every intervention uses ingredients that have a value or cost (Levin, 1975 (Levin, , 1988 (Levin, , 1995 Levin & McEwan, 2000) . If specific ingredients can be identified and their costs can be ascertained, we can estimate the total costs of the intervention as well as the cost per unit of effectiveness. The ingredients method to cost estimation entails three distinct phases: (a) identification of ingredients; (b) determination of the value or cost of the ingredients and the overall costs of an intervention; and (c) an analysis of costs in an appropriate decision-oriented framework.
The first step is to ascertain which ingredients are required for an intervention (Levin, 1983) . This entails the determination of what ingredients are required to create or replicate the interventions that are being evaluated, casting as wide a net as possible. It is obvious that even contributed or donated resources such as volunteers must be included as ingredients according to such an approach, for such resources will contribute to the outcome of the intervention, even if they are not included in budgetary expenditures.
There are three overriding considerations that should be recognized in identifying and specifying ingredients. First, the ingredients should be specified in sufficient detail that their value could be ascertained in the next stage of the analysis. Second, the categories into which ingredients are placed should be consistent, but there is no single approach to categorization that will be suitable in all cases. Finally, the degree of specificity and accuracy in listing ingredients should depend upon their overall contribution to the total cost of the intervention. It is important to obtain a familiarity with the intervention that is being subjected to cost analysis. Only by doing so can the evaluators identify the ingredients used by the intervention in sufficient detail (and, subsequently, attach values to those ingredients). Normally this familiarity can be gained in at least three ways: (1) through a review of program documents, (2) through discussions with individuals involved in the intervention, and (3) through direct observation of the interventions. If we consider the example of the World Bank Project on "Arsenic Mitigation Water Supply", we get the interventions, its ingredients with analysis of costs as given in Table 3 .
Insert Table 3 here
Assessing Effectiveness
Before starting the cost analysis, it is necessary to know what the decision problem is, how to measure effectiveness, which alternatives are being considered and what their effects are. If a problem has arisen on the policy agenda that requires a response, a careful understanding of the problem is crucial to addressing its solution (Levin, 1983) . Once the problem has been formulated, it will be necessary to consider how to assess the effectiveness of alternatives. For this purpose, clear dimensions and measures of effectiveness will be needed. Table 4 shows examples of effectiveness measures that respond to particular program objectives.
Insert Table 4 here Given the problem and criteria for assessing the effectiveness of proposed solutions, it is necessary to formulate alternative programs or interventions. The search for such interventions should be as wide-ranging and creative as possible. This procedure sets the stage for the evaluation of effectiveness of the alternatives, a process that is akin to the standard use of evaluation methods (Rossi & Freeman, 1985) . Estimates of effectiveness can be derived from previous evaluations or from tailored evaluations for the present purpose.
It is important to emphasize that the evaluation of effectiveness is separable from the evaluation of costs. Most standard evaluation designs for assessing the effectiveness of an intervention are also suitable for incorporation into cost-effectiveness studies. This can be found in the standard evaluation literature (Rossi & Freeman, 1985; Cook & Campbell, 1979) . The cost analysis is not typically found in the general evaluation literature and has been developed independently as a sub-specialization (Levin, 1983) .
Architecture of Using Cost Effectiveness Analysis
The forgoing discussion concludes that identification of interventions in social project is very much important. A distinction must be made between those interventions that are completely independent -i. e., where the costs and effects of one intervention are not affected by other interventions -and those that are mutually exclusive -i. e., where implementing one intervention means that another cannot be implemented, or where the implementation of one intervention results in changes to the costs and effects of another.
Independent interventions
Using CEA with independent interventions requires that cost-effectiveness ratios (CERs) are calculated for each intervention and placed in rank order by using equation 4 below that is modified from equation 1: Table 5 here be given priority over A since it has a lower CER, but in order to decide which intervention to implement, the extent of resources available must be considered (table 6 ).
Insert Table 6 here If a further intervention becomes available, it should be considered on the basis of its CER figure compared with table 4.
Resources for the new intervention should be considered in the same manner as above.
Mutually exclusive interventions
In reality, the likelihood is that choices will have to be made between different treatment regimens for the same condition, different dosages or treatment versus prophylaxis -i. e., mutually exclusive interventions. In this situation, incremental cost-effectiveness ratios (ICERs) are used: The alternative interventions are ranked according to their effectiveness -on the basis of securing maximum effect rather than considering cost -and ICERs are calculated as shown in Table 7 .
Insert Table 7 here
The least effective intervention (I1) has the same average CER as its ICER, because it is compared with the alternative of 'doing nothing'. The negative ICER for I2 means that by adopting I2 rather than I1 there is an improvement in life years gained and a reduction in costs. The ICER for I3 works out to be 187.5, which means that it costs $187.5 to generate each additional life-year gained compared with I2. Alternatives that are more expensive and less effective are excluded. From table 7, we find that interventions I2 and I4 are followed by interventions I1 and I3 that are costly and therefore needed to be excluded. The table 8 is redrawn by excluding these two more expensive and less effective interventions.
Insert Table 8 here
Now the question of identification of 'dominated' alternative comes. Here, I4 is dominated by I2 since the former is more effective and costs less to produce an additional unit of effect ($62.5 compared with $85.71). The dominated alternative is then excluded and the ICERs are recalculated again in table 9.
Insert Table 9 here Finally, interventions I2 and I5 are proved to be cost effective. In deciding between them, the size of the available budget must be brought to consider. If the available budget is $100 000, all patients should receive intervention I1, while, if the available budget is $190 000, all patients should receive the more effective intervention I5. However, if the budget is, say, $130 000, then, since the cost difference between I2 and I5 is $90 000 and the budget surplus is $30 000, it is possible to switch one-third of patients to I5 and still remain within budget.
Conclusion
CEA is used as a ranking tool where a lot of alternatives become candidates to a limited budget. Rather in some situation, decision based on solely monetary consideration is proved unethical and illogical. Let's consider the example as we have taken here. Whenever the question of sound health comes, the expenditure or willingness to pay depends on the amount of income. So, if we consider the societal perspective, we have to initiate such project that will be cost effective in the sense that most people will avail the benefit at a lower amount of cost. Thus, in most of the social projects, CEA can be used as a ranking tool to decide which alternative(s) to be chosen. But much use of CEA leads to use of CBA. Even when we are talking about budget, we are going for CBA ultimately. CBA is a commercial perspective to choose the alternatives. In CBA, no projects may be chosen due to their infeasibility on financial perspective. But, in this case also, CEA ranks one alternative to be the best among other. Basically, as CEA is an offshoot of CBA, a detailed CEA ultimately leads to CBA. But, when the beneficiary becomes the society, we should go for CEA that is ethical and logical as it ensures the effective use of resources for the benefit of overall society. Table 6 . Budget-Interventions Trade-off Budgets available ($) Intervention(s) to be implemented < 300 000 As much of intervention B as budget allows = 300 000 All of intervention B 300 000 -500 000 All of intervention B and as much of A as budget allows = 500 000 All of interventions B and A 500 000 -750 000 All of interventions B and A and as much of C as budget allows = 750 000 All 3 interventions 
